Nocturnal gastro-oesophageal reflux may be important in the pathogenesis of reflux oesophagitis. This study aimed to determine whether: (1) gastro-oesophageal reflux occurs during sleep in patients with reflux oesophagitis and, if so, to explore the mechanism, and (2) 
Nocturnal gastro-oesophageal reflux is considered to be important in the pathogenesis of reflux oesophagitis.l2 In normal subjects it occurs by the mechanism of transient lower oesophageal sphincter relaxation.34 Reflux episodes and transient lower oesophageal sphincter relaxations in normal subjects have been reported to occur only in the awake periods. 3 The mechanism of nocturnal gastro-oesophageal reflux in patients with reflux disease is not known. In patients with reflux oesophagitis, other mechanisms besides transient lower oesophageal sphincter relaxation, such as free reflux and stress reflux, may induce gastro-oesophageal reflux. '6 The relation between reflux episodes induced by the latter mechanisms and sleep is unknown. In addition, the sleep pattern of patients with reflux disease in comparison with that in normal subjects is unknown. If gastrooesophageal reflux occurs only during the awake periods then a difference in sleep patterns may explain the increased frequency of nocturnal reflux episodes in patients.
This study aimed to determine whether: (1) gastro-oesophageal reflux occurs during sleep in patients with oesophagitis and, if so, to determine its mechanism during sleep and (2) the sleep pattern of patients with reflux disease is different from that of control subjects.
Methods

SUBJECTS
Eleven normal subjects, nine men and two women with a mean age of 39.6 (range 25-75) years, participated in this study. These subjects had no history of gastrointestinal symptomsspecifically heartburn, dysphagia, regurgitation, nausea, or chest pain. Subjects were free of insomnia, pulmonary disease, and heart disease and none were taking any medicines known to interfere with smooth muscle function.
Eleven patients, eight men and three women with a mean age 38.7 (range 28-71) years, were recruited from the gastroenterology clinics at the University of Virginia. All subjects had undergone endoscopy and were known to have endoscopic evidence of oesophagitis -that is, erosions or linear ulcers, or both. In addition to oesophagitis, two patients had Barrett's mucosa. The patients were required to stop medications such as H2 receptor antagonist and smooth muscle active drugs for at least 24 hours and to refrain from cigarette smoking for at least 12 hours before the study. The protocol for this study was approved by the Human Investigations Committee of the University of Virginia and informed consent was obtained from each subject before the study. The transient lower oesophageal sphincter relaxation frequency in the period after the meal was highest in the first hour in the control subjects (6 (0.7)/hour) and in hour two in the reflux oesophagitis patients (4.9 (0.9)/hour) (Fig  1) The reflux episodes occurred predominantly in the immediate postprandial period (Fig 4) . Patients The effect of sleep on the frequency of swallowing had been reported before.'3 Our study confirms previous reports. As with swallowing, the transient lower oesophageal sphincter relaxation frequency is also correlated to sleep stages, with the highest frequency in the awake state. It seems that there are a number of similarities in the swallow induced and transient lower oesophageal sphincter relaxation -both are mediated by the vagus nerve,'"'6 wakefulness is essential to both of them, and both have been speculated to occur through the stimulation of the pharyngeal mechanoreceptors. 17 18 A number of these similarities suggest that common pathways are involved in the swallow induced lower oesophageal sphincter relaxation and transient lower oesophageal sphincter relaxation.
The precise reason for the increased frequency of nocturnal gastro-oesophageal reflux in our patients remains unclear. Stress, free, and unclear mechanisms of reflux are clearly present in the patient population only and account for some of this increased frequency. Is the transient lower oesophageal sphincter relaxation frequency different in the two groups, thereby accounting for the remaining reflux episodes? As in our previous study6 and the study of Baldi,'9 we did not find any differences between patients and controls in the frequency of transient lower oesophageal sphincter relaxation, either in the immediate postprandial period or later on during the night. We also assessed whether the transient sphincter relaxations in patients were more complete because only complete relaxations are associated with the reflux episode.34 There was no difference in the absolute number or in the percentage of complete transient sphincter relaxations between patients and control subjects in either the postprandial or the nocturnal periods. It is true, however, that a larger number of transient lower oesophageal sphincter relaxations in patients were associated with reflux events. Why should this be the case? Even though it cannot be directly addressed from our study, it is, possible that other factors such as delayed gastric emptying20 (by providing a larger gastric reservoir) or presence of hiatal hernia2' in gastrooesophageal reflux patients (by holding a pool of acid close to the ooesophagus) may explain our observations.
